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INTERNATIONAL APPLICATION NO INTERNATIONAL FILING DATE PRIORITY DATE ALLOWED 

PCX EPOO/08805 8 SEPTEMBER 2000 9 SEPTEMBER 1 999 

TITLE OF INVENTION j^^^L SENSOR ARRAY FOR MEASURING A MAGNETIC FIELD 
WITH OFFSET COMPENSATION 

APPLlCANT(s) 

HANS-PETER HOHE; NORBERT WEBER; JOSEF S AUERER 

Box PCX 

Commissioner of Patents and Trademarks 

Washington DC 20231 

PRELIMINARY AMENDMENT 
Prior to examination, please amend the above-identified application as follows: 

In the Specification: 

On page 1, after the title, please replace the heading "Description" and substitute 

therefor the heading -Background of the Livention--. 

On page 1, after the heading "Background of the Invention," before the first 
paragraph in the section, please add the heading -Field of the Invention — so that the 
paragraph reads as follows: 

Field of the Invention 

The present invention relates generally to Hall sensors and in particular to the 
arrangement and control of several Hall sensor elements in a Hall sensor array for magnetic 
field measurement with offset compensation. 

On page 1, after the first paragraph under the "Field of the Invention" section, please 
insert the following heading: -Description of Prior Art-. 



IN THE UNITED STATES 
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On page 1, at the second paragraph of the ''Description of Related Art" section, please 
replace the current paragraph beginning at line 32, and substitute the following paragraph 
therefor so that the paragraph reads as follows: 

A Hall sensor array in which two or four Hall sensor elements are used to compensate 
the disturbing effect of a particular crystal direction is known from the European patent 
specification EP-0548391 Bl . The angular separation of the individual Hall sensor elements 
is fixed, lying between 0*=* and 1 80°. The angle is chosen according to the crystal direction of 
the semiconductor material which is used. According to EP-0548391 each Hall element is 
fed from a separate current source, so that a constant current is impressed on each element. 
The Hall voltages tapped off at the individual Hall elements in the Hall detector are 
connected in parallel in a switching stage. A common value is thus imposed on the Hall 
voltages of the individual elements, so that compensating currents may result. 

On page 3, in the Summary of the Invention section, replace the first two paragraphs 
beginning at line 22 and substitute therefor the following paragraphs, so that the first two 
paragraphs read as follows: 

It is the object of the present invention to provide an improved Hall sensor array 
which is also less complicated to manufacture. 

This object is achieved by a Hall sensor array comprising: 

a first and at least one additional pair of Hall sensor elements, 

wherein each Hall sensor element has four terminals, of which two terminals act as 
power supply terminals for supplying an operating current and two terminals act as 
measurement terminals for measuring a Hall voltage, 

wherein the Hall sensor elements are so arranged that the current directions of the 
operating current in the two Hall sensor elements of each pair are offset at an angle of 
approximately 90° to one another, 

wherein the Hall sensor elements of the additional pair(s) are so arranged that their 
current directions of the operating current are offset at an angle of approximately 90°/n to the 
current directions of the operating current of the first pair of Hall sensor elements, n being the 
total number of Hal sensor element pairs, and 
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wherein respective first terminals of the measurement terminals of the Hall sensor 
elements and respective second terminals of the measurement terminals of the Hall sensor 
elements are connected together for measurement of the Hall voltage, 

wherein the Hall sensor array also has switches and wherein the respective terminals 
of the Hall sensor elements are connected to the switches, so that the respective first and 
second supply terminals for supplying an operating current and the respective first and 
second measurement terminals for measuring a Hall voltage can be switched over from one 
measurement to a subsequent measurement in such a way that the current directions of the 
operating current in the Hall sensor elements and the Hall voltage tapping directions can be 
rotated through approximately 90° from one measurement to a subsequent measurement, 

wherein the Hall sensor array also has a controller by means of which the switches are 
controllable in such a way that the Hall sensor array is operable in spinning current operation 
for generating a Hall signal and wherein the offset voltages of the Hall sensor elements 
approximately cancel one another out in a revolution so that the Hall signal contributions 
which actually depend on the magnetic field remain, and 

wherein respective first supply terminals of each Hall sensor element are connected 
together and to a first terminal of a common voltage source and respective second supply 
terminals of each Hall sensor element are connected together and to the second terminal of 
the common voltage source so that the common voltage source supplies an operating current 
for the Hall sensor elements. 

On page 5, please delete the paragraph beginning at line 1 7. 

On page 6, at line 18, please substitute the below paragraph for the indicating pending 
paragraph, so that the paragraph reads as follows: 

According to the present invention, the Hall sensor elements are operated in the so- 
called "spinning current" mode. In spinning current operation the measurement direction is 
rotated continuously in a cycle by e.g. 90*^ at a particular clock frequency, i.e. the operating 
current flows from one electrode to the facing contact electrode, the Hall voltage being 
tapped off at the transverse contact electrodes, whereupon the measurement direction is 
rotated through 90° at the next cycle, i.e. the next measurement phase. The Hall voltages 
measured in the individual measurement phases are evaluated by a suitable correctly signed 
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and weighted summation or subtraction. The offset still contained in the individual 
measurement phases can be reduced still further or the offset voltages during a revolution 
should roughly cancel one another out, so that the parts of the Hall signal which really 
depend on the magnetic field are retained. 

In the Claims: 

Please amend Claims 1-2 and 8-9 as follows and please delete, without prejudice, 
claims 3-7. In particular, please substitute the below claims for the indicated pending claims 
with the same number. 

1 . (Once Amended) A Hall sensor array comprising: 

a first and at least one additional pair of hall sensor elements, 

wherein each hall sensor element has four terminals of which two act as power supply 
terminals for supplying an operating current and two terminals act as measurement terminals 
for measuring a Hall voltage, 

wherein the Hall sensor elements are so arranged that the current directions of the 
operating current in the two Hall sensor elements of each pair are offset at an angle of 
approximately 90° to one another, 

wherein the Hall sensor elements of the additional pair(s) are so arranged that their 
current directions of the operating current are offset at an angle of approximately 90*^/n to the 
current directions of the operating current of the first pair of Hall sensor elements, n being the 
total number of Hall sensor element pairs, and 

wherein respective first terminals of the measurement terminals of the Hall sensor 
elements and respective second terminals of the measurement terminals of the Hall sensor 
elements are connected together for measurement of the Hall voltage, 

wherein the Hall sensor array also has switches and wherein the respective terminals 
of the Hall sensor elements are connected to the switches, so that the respective first and 
second supply terminals for supplying an operating current and the respective first and 
second measurement terminals for measuring a Hall voltage can be switched over from one 
measurement to a subsequent measurement in such a way that the current directions of the 
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operating current in the Hall sensor elements and the Hall voltage tapping directions can be 
rotated through approximately 90° from one measurement to a subsequent measurement, 

wherein the Hall sensor array also has a controller by means of which the switches are 
controllable in such a way that the Hall sensor array is operable in spinning current operation 
for generating a Hall signal and wherein the offset voltages of the Hall sensor elements 
approximately cancel one another out in a revolution so that the Hall signal contributions 
which actually depend on the magnetic field remain, and 

wherein first supply terminals of each Hall sensor element are connected together and 
to a first terminal of a common voltage source and respective second supply terminals of each 
Hall sensor element are connected together and to the second terminal of the common voltage 
source so that the common voltage source supplies an operating current for the Hall sensor 
elements. 

2. (Once Amended) Hall sensor array according to claim 1 , wherein the first 
supply terminals are connected together electrically by being interwired, the second supply 
terminals are connected together electrically by being interwired, the first measurement 
terminals are connected together electrically by being interwired and the second measurement 
terminals are connected together electrically by being interwired. 

8. (Once Amended) Hall sensor array according to claim 1, wherein the Hall 
sensor elements of a pair are geometrically identical. 

9. (Once Amended) Hall sensor array according to claim 1, wherein the Hall 
sensor elements of different pairs are geometrically different. 

In the Abstract: 

Please delete the current paragraph in the Abstract section, and substitute therefor the 
below paragraph so that the Abstract to reads as follows: 

ABSTRACT 

A Hall sensor array for offset-compensated magnetic field measurement comprises a 
first and at least one additional pair of Hall sensor elements. Each Hall sensor element has 
four terminals, of which two act as power supply terminals for supplying an operating current 
and two act as measurement terminals for measuring a Hall voltage. Respective first supply 
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terminals of each Hall sensor element are connected together and to a first terminal of a 
common voltage source and respective second supply terminals of each hall sensor element 
are connected together and to a second terminal of the common voltage source so that the 
common voltage source supplies an operating current for the Hall sensor elements. The Hall 
sensor elements are operated in the spinning current mode so that the offset voltages of the 
Hall sensor elements approximately cancel one another out in a revolution so that the Hall 
signal contributions which actually depend on the magnetic field remain. 
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REMARKS 



Applicants respectfully submit that the claims are in condition for allowance. The 
Examiner is invited to contact the below-listed attorney if the Examiner believes that a 
telephone conference will advance the prosecution of this application. 



Vedder, Price, Kaufman & Kammholz 
222 N. LaSalle Street, Suite 2600 
Chicago, TL 60601-1104 
(312) 609-7500 
(312) 609-5005 



CHlCAGO/#895266. 1 -7- 



March 8, 2002 



Respectfully submitted, 



Christopher J. R( 
Reg. No. 34,414 
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VERSION WTTH MARKINGS TO SHOW CHANGES MADE 
In the Specification: 

On page 1, after the title, please replace the heading "Description" and substitute 
therefor the heading -Background of the Invention- . 

On page 1, after the heading "Background of the Invention," please add the heading - 
Field of the Invention — so that the paragraph reads as follows: 

Field of the Invention . 

The present invention relates generally to Hall sensors and in particular to the 
arrangement and control of several Hall sensor elements in a Hall sensor array for magnetic 
field measurement with offset compensation. 

On page 1, after the first paragraph under the "Field of the Invention" section, please 
insert the following heading: -Description of Related Art-. 

On page 1, at the second paragraph of the "Description of Related Art" section, please 
replace the current paragraph and substitute the following paragraph therefor, so that the 
paragraph reads as follows: 

A Hall sensor array in which two or four Hall sensor elements are used to compensate 
the disturbing effect of a particular crystal direction is known from the European patent 
specification EP-0548391 Bl . The angular separation of the individual Hall sensor elements 
is fixed, lying between 0^ and 1 80^. The angle is chosen according to the crystal direction of 
the semiconductor material which is used. According to EP-0 548391 each Hall element is 
fed from a separate current source, so that a constant current is i mpressed on each element. 
The Hall voltages tapped off at the individual Hall elements in the Hall detector are 
connected in parallel in a switching stage. A common valu e is thus imposed on the Hall 
voltages of the individual elements, so that compensating currents may result. 

On page 3, in the Summary of the Invention section, replace the first two paragraphs 
beginning at line 22 and substitute therefor the following paragraphs, so that the first two 
paragraphs read as follows: 
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[Starting from this prior art it]It is the object of the present invention to provide an 
improved Hail sensor array which is also less complicated to manufacture. 

This object is achieved by a Hail sensor array comprising: 

a first and at least one additional pair of Hall sensor elements, 

wherein each Hall sensor element has four terminals, of which two termi nals act as 
power supply terminals for supplying an operating current and two terminals act as 
measurement terminals for measuring a Hall voltage, 

wherein the Hall sensor elements are so arranged that the current directions of the 
operating current in the two Hall sensor elements of each pair are offset at a n angle of 
approximately 90° to one another, 

wherein the Hall sensor elements of the additional pair(s^ are so arra nged that their 
current directions of the operating current are offset at an angle of approxim ately 90°/n to the 
current directions of the operating current of the first pair of Hall sensor elements, n being the 
total number of Hal sensor element pairs, and 

wherein respective first terminals of the measurement terminals of the H all sensor 
elements and respective second terminals of the measurement terminals of the Hall sensor 
elements are connected together for measurement of the Hall voltage, 

wherein the Hall sensor array also has switches and wherein the respective terminals 
of the Hall sensor elements are connected to the switches, so that the respec tive first and 
second supply terminals for supplying an operating current and t he respective first and 
second measurement terminals for measuring a Hall voltage can be switched over from one 
measurement to a subsequent measurement in such a way that the current directions of the 
operating current in the Hall sensor elements and the Hall voltage tapping directions can be 
rotated through approximately 90^ from one measurement to a sub sequent measurement. 

wherein the Hall sensor array also has a controller bv means of whi ch the switches are 
controllable in such a way that the Hall sensor array is op erable in spinning current operation 
for generating a Hall signal and wherein the offset voltages of the Hall sensor elements 
approximately cancel one another out in a revolution so that the Hall signa l contributions 
which actually depend on the magnetic field remain, and 



CHICAGO/#895266.1 



nSTS 'R. S'l -"I fli 3'^ •?"•?' 0 1™^ 

wherein respective first supply terminals of each Hall sensor element are connected 
together and to a first terminal of a common voltage source and respective second supply 
terminals of each Hall sensor element are connected together and to the second terminal of 
the common voltage source so that the common voltage source supplies an operating current 
for the Hall sensor elements [according to claim 1]. 

On page 5, please delete the paragraph beginning at line 17. 

[The present invention provides a Hall sensor array for offset compensated magnetic 
field measurement which comprises a first and at least one additional pair of Hall sensor 
elements. Each Hall sensor element has four terminals, of which a first and a third terminal 
act as power supply terminals for supplying an operating current and a second and a fourth 
terminal set as measurement terminals for measuring a hall voltage. The Hall sensor 
elements are so arranged that the current directions of the operating current in the two Hall 
sensor elements of each pair are offset at an angle of approximately 90° to one another. The 
Hall sensor elements of the additional pair(s) are so arranged that their operating current 
directions are offset at an angle of approximately 90""^ to the operating current directions of 
the first pair of Hall sensor elements, n being the total number of Hall sensor element pairs 
and n > 2. The first terminals, the third terminals, the second terminals and the fourth 
terminals of the Hall sensor elements are respectively connected to each other electrically. 
The operating current can thus be supplied over the first and third terminals of all the Hall 
sensor elements and the Hall voltage can be measured over the second and fourth terminals of 
all the Hall sensor elements.] 

On page 6, at line 18, please substitute the below paragraph for the indicating pending 
paragraph, so that the paragraph reads as follows: 

According to the present invention^ [The geometric arrangement and interwiring of] 
the Hall sensor elements are operated in [according to the present invention is particularly 
important for] the so-called "spinning current" mode foperation]. In spinning current 
operation the measurement direction is rotated continuously in a cycle by e.g. 90*^ at a 
particular clock frequency, i.e. the operating current flows fi-om one electrode to the facing 
contact electrode, the Hall voltage being tapped off at the transverse contact electrodes, 
whereupon the measurement direction is rotated through 90° at the next cycle, i.e. the next 
measurement phase. The Hall voltages measured in the individual measurement phases are 
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evaluated by a suitable correctly signed and weighted summation or subtraction. The offset 
still contained in the individual measurement phases can be reduced still further or the offset 
voltages during a revolution should roughly cancel one another out, so that the parts of the 
Hall signal which really depend on the magnetic field are retained. 

In the Claims 

Please amend Claims 1-2 and 8-9 as follows. In particular, please substitute the 
below claims for the indicated pending claims with the same number. 

1 . (Once Amended) A Hall sensor array comprising: 

a first [(1 A, IB) ]and at least one additional pau-[ 2A, 2B,; 2A, 2B, 3A, 3B)] of Hall 
sensor elements, 

wherein each hall sensor element[ (1 A, IB, 2A, 2B; lA, IB, 2A, 2B, 3 A, 3B)] has 
four terminals[ (Kl, K2, K3, K4)], of which two [a first and a third] [terminall terminals [(Kl, 
K2)1 act as power supply terminals for supplying an operating current[ (loperation)] and two [a 
second and a fourth terminal] term inals act as measurement terminals for measuring a Hall 
voltage[(UHaii)], 

wherein the Hall sensor elements [(1 A, IB, 2A, 2B; lA, IB, 2A, 2B, 3A, 3B)]are so 
arranged that the current directions of the operating current [(loperation) ]in the two Hall sensor 
elements of each pair are offset at an angle of approximately 90*^ to one another, 

wherein the Hall sensor elements[(2A, 2B; 2A, 2B, 3A, 3B;)] of the additional pair(s) 
are so arranged that their [operating]current directions of the operating current are offset at an 
angle of approximately 90°/n to the current directions of the operating current [directions]of 
the first pair [(lA, lB)]of Hall sensor elements, n being the total number of Hall sensor 
element pairs[and n > 2], and 

wherein rcspective fthel first terminals of the measurement terminals rterminal (Kl), 
the third terminals (K3), the second terminals (K2) and the fourth terminals (K4)] of the Hall 
sensor elements [(1 A, IB, 2A, 2B; 1 A, IB, 2A, 2B, 3A, 3B) are respectively] and respective 
second terminals of the measurement terminals of the Hall sensor elements are connected 
together for measurement of the Hall voltage. 
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wherein the Hall sensor array also has switches and wherein the respective terminals 
of the Hall sensor elements are connected to the switches, so that the respective first and 
second supply terminals for supplying an operating current and the respective first and 
second measurement terminals for measuring a Hall voltage can be switched over from one 
measurement to a subsequent measurement in such a way that the current directions of the 
operating current in the Hall sensor elements and the Hall voltage tapping directions can be 
rotated through approximately 90*^ from one measurement to a subsequent measurement. 
[each other electrically, thus permitting the operating element (loperation) to be supplied over 
the electrically interlinked first and third terminals (Kl, K3) of all the Hall sensor elements 
and the Hall voltage (UHaii) to be measured over the electrically interlinked second and fourth 
terminals (K2, K4) of all the Hall sensor elements (lA, 2A, 2B; lA, IB, 2A, 2B, 3A, 3B)] 

wherein the Hall sensor array also has a controller by means of which the switches are 
controllable in such a way that the Hall sensor array is operable in spinning current operation 
for generating a Hall signal and wherein the offset voltages of the Hall sensor elements 
approximately cancel one another out in a revolution so that the Hall signal contributions 
which actually depend on the magnetic field remain, and 

wherein first supply terminals of each Hall sensor element are connected together and 
to a first terminal of a common voltage source and respective second supply terminals of each 
Hall sensor element are connected together and to the second terminal of the common voltage 
source so that the common voltage source supplies an operating current for the Hall sensor 
elements . 

2. (Once Amended) Hall sensor array according to claim 1 , wherein the first 
su pply terminals [(Kl] are connected together electrically by being interwired. [the third 
terminals (K3),]the second supply terminalsF (K21 are connected together electrically by being 
interwired, [and the fourth ] the first measurement terminals [(K4) of the Hall sensor elements 
(lA, IB, 2A, 2B; lA, IB, 2 A, 2B, 3 A, 3B)] are [respectively] connected together electrically 
by being interwired and the second measurement terminals are connected together electrically 
by being interwired . 

[3. Hall sensor array according to claim 1 or 2, wherein the Hall sensor elements of 
the first and the second pair respectively are arranged next to each other.] 
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[4. Hali sensor array according to claim 1 or 2, wherein the Hall sensor elements 
of the first and the second pair are arranged along a diagonal.] 

[5. Hail sensor array according to one of the claims 1 to 4, wherein the Hall 
sensor elements of the first and the second pair are arranged close to one another relative to 
the dimensions of the Hall sensor elements.] 

[6- Hall sensor array according to one of the claims 1 to 5, which also includes 
switches (SI, S2, S3, S4) and where the terminals (Kl, K2, K3, K4) of the Hall sensor 
elements (1 A, IB, 2A, 2B) are connected to the switches (SI, S2, S3, S4), so that the power 
supply terminals for supplying an operating current (loperation) and the measurement terminals 
for measuring a Hall voltage (Unaii) can be switched through 90° from one measurement to 
the next. 

[7. Hall sensor array according to one of the claims I to 6, which also includes a 
control unit by means of which the switches (SI, S2, S3, S4) are controllable in such a way 
that the Hall sensor array is operable in spinning current operation.] 

8. Hall sensor array according to [one of the]claim[s] 1 [to 7], wherein the Hall 
sensor elements of a pair are geometrically identical. 

9. Hall sensor array according to [one of the] claim[s] 1 [to 8], wherein the Hall 
sensor elements of different pairs are geometrically different. 

In the Abstract: 

Please delete the current paragraph in the Abstract section, and substitute therefor the 
below paragraph so that the Abstract to reads as follows: 

[Hall Sensor Array for Measuring a Magnetic Field with Offset Compensation] 

ABSTRACT 

A Hall sensor array for offset-compensated magnetic field measurement comprises a 
first [(1 A, IB)] and at least one additional pair[(2A, 2B, 2A, 2B, 3A, 3B)] of Hall sensor 
elements. Each Hall sensor element [(1 A, IB, 2A, 2B; 1 A, IB, 2A, 2B, 3A, 3B)] has four 
terminals [(Kl, K2, K3, K4)], of which two [a first and a third terminal (Kl, K3)] act as 
power supply terminals for supplying an operating current [(loperation) ]and two fa second and 
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a fourth terminal (K2, K4) ]act as measurement terminals for measuring a Hall voltage[ 
(UHaii)]- Respective first supply terminals of each Hall sensor element are connected together 
and to a first terminal of a common voltage source and respective second supply terminals of 
each Hall sensor element are connected together and to a second terminal of the common 
voltage source so that the common voltage source supplies an operating current for the Hall 
sensor elements. T he Hall sensor elements [(1 A, IB, 2A, 2B; 1 A, IB, 2A, 2B, 3A, 3B)] are 
operated in the spinning current mode so that the offset voltages of the Hall sensor elements 
approximately cancel one another out in a revolution so that the Hall signal contributions 
w^hich actually depend on the magnetic field remain [so arranged that the current directions of 
the operating current (loperation) in the two Hall sensor elements of each pair are offset at an 
angle of approximately 90° to one another. The Hall sensor elements (2 A, 28, 2 A, 26, 3 A, 
3B) of the additional pair(s) are so arranged that their operating current directions are offset 
at an angle of approximately to the operating current directions of the first pair (1 A, 
IB) of Hall sensor elements, n being the total number of Hall sensor element pairs and n > 2. 
The first terminals (Kl), the third terminals (K3), the second terminals (K2) and the fourth 
terminals (K4) of the Hall sensor elements (lA, IB, 2A, 2B; lA, IB, 2A, 2B, 3A, 3B) are 
respectively connected to each other electrically. The operating current (loperation) can thus be 
supplied over the first and third terminals (Kl, K3) of all the Hall sensor elements and the 
Hall voltage (UHaii) can be measured over the second and fourth terminals (K2, K4) of all the 
Hall sensor elements (lA, IB, 2A, 2B; lA, IB, 2A, 2B, 3A, 3B)]. 
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Tti^ presenr tnvemiion relares generally ro Hall sensors and 
in partlculai- to the arrangement and control of several Hall 
sensor elements in a Hall sensor array for magnetic field 
10 measurement with offset compensation - 

An indtividual Hall sensor elemenr generally consisrs of an n— 
doped active semiconductor region on a p— doped semiconductor 
substrate , The n-doped acrive region is normally connected to 

15 an external control logic via four contact electrodes or con- 
tact terminals which are arranged diagonally opposite one an- 
other in the active region. The four contact electrodes of 
the Hall sensor clement subdivide into two facing control 
current contact electrodes ^ which serve ro generate a current 

20 flow through the active region, and two facing voltage tap- 
ping contact electrodes, which serve to tap a Hall voltage, 
which arises when a magnetic field is applied at right angles 
to the current flow in the active region, to act as a sensor 
signal . 



A Hall sensor array in which two or four Hall sensor elements 
are used to compensate the disturbing effect of a particular 
crystal direction is known from the European patent specifi- 
catxon E:P-054a39l Bl . The angular separation of the individ- 
30 ual Hall sensor elements is fixed, lying between 0* and 180*. 
The angle is chosen according to the crystal direction of the 
semiconductor material which is used.. 



25 
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As is known^ inhomcgeneities or faults in the semiconductor 
material of the active region often arise in the manufactur- 
ing processes of semiconductor structures due to the nature 
of production. Even with very refined manuf aci:uring metihocis, 
5 these inhornogeneit ies cannor be avoided completely. These in- 
homogeneities are often the cause of an offset of the sensor 
signal. Ttiis means that a sensor signal is detected at the 
contact electrodes at which rhe ttall voltage is tapped off 
even when no magnetic field is being applied to the active 

10 region. This disturbing sensor signal is termed the offset o£ 
the useful sensor signal or simply the offset signal- Owing 
to the strong dependence of the offset signal on the inho- 
mogeneities, traditional Hall sensor elemenrs are subject to 
considera'DJ e scatter from one element to anotlrier. In addition 

15 there is a marked adverse effect on the sensitivity and meas- 
urement accuracy of rhe Hall sensors. For this reason, offset 
compensation and the correct evaluation of the sensor signals 
generally entail a costly circuit investment, 

20 So--called piezo effects, which are strongly dependent on the 
crystal direction of the semiconductor material used, consti- 
tute another problem area in Hall sensor arrays. These piezo 
effects can produce a considerable offset signal through me- 
chanical et?7ssses caused by external forces (e.g. due to the 

25 housing) or through mechanical stresses in the crystal lat- 
tice of the semiconducror material. Arremprs have been made 
to overcome these problems, either by matching the Hall sen- 
sor array to the crystal direction of the semiconductor mate- 
rial or by compensating the piezo effects tnrougn a suitable 

30 choice of the current directions in the semiconductor mate- 
rial depending on the crystal direction. However, these meas- 
ures involve very complicated manufacturing processes for the 
Hall sensor arrays since it is necessary to take into account 
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oorh -Che crysral orlenrarlon of rhe semiconducror surface and 
also -che orientation o£ the Hall sensor elements to one an- 
other and in relation to the crystal orientation. 

Smarting from this prior art it is the object of the present 
invention r.o provide an improved Hall sensor array whicn is 
also less eomplicated to manufacture. 

This object is achieved fay a Hall sensor array according to 
claim 1 - 

The preaent invention provides a Hall sensor array for off- 
set-compensated magnetic field measurement which comprises a 
first and at least one additional pair of Hall sensor ele- 
ments. Each Hall sensor element has four terminals, o£ which 
a first and a third terminal act as power supply terminals 
for supplying an operating current and a second and a fourth 
terminal act as measurement terminals Cor measuring a Hall 
voltage. The Mall sensor elements are so arranged that th« 
current directions of the operating current in the two Hall 
sensor elements of each pair are offset at an angle of ap- 
proximately 90" to one another. The Hall sensor elements of 
the additional pair(s) are so arranged that their operating 
current directions are offset at an angle of approximately 
90° /n to the operating current directions of the first pair 
of Hall sensor elements, n toeing the total number of Hall 
sensor element pairs and n > 2 . The first terminals, the 
third terminals, the second terminals and th« fourth termi- 
nals of the Hall sensor =:lcmcnt= a=e respectively connected 
to each other electrically. The operating current can thus be 
supplied over the first and third terminals of all the Hall 
sensor elements and the Hall voltage can be measured over the 
d and fourth terminals of all the Hall sensor elements. 



s 



seconc 
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The present i-iwention is based on rhe finding -chat the sensor 
signal offset contriburion in a Hall sensor array can be 
greatly reduced through the above geometrical arrangement of 
the individual Hall sensor elements of the pairs and the in- 
rerwiring of the terminals ^ making it possible ro supply an 
offset signal which is already precompensated . Wich the ar- 
rangement and inrerwiring of rhe Hall sensor elements accord- 
ing to the present invention it is possible to make the meas- 
ured Hall voltage independent of the crystal direction of the 
semiconductor material. 

The geometric arrangement and interwiring of the Hall sensor 
elements according to the present invention is particularly 
important for the so-called ^"spinning current" operation- In 
spinning current operation the measurement direction is ro- 
tated continuously in a cycle by e.g. 90° at a particular 
clock frequency;, i.e. the operating current flows from one 
electrode to the facing contact electrode, the Hall voltage 
being tapped off at the transverse contact electrodes, where- 
upon the measurement direction is rotated through 90" at the 
next cycle, i.e. the next measurement phase. The Hall volt- 
ages measured in the individual measurement phases are evalu- 
ated by a suitable correctly signed and weighted summation or 
subtraction. The offset still contained in the individual 
measurement phases can b^ reduced stxll further or the offset 
voltages during a revolution should roughly cancel one an-- 
other out, s.^ that the parts of the Hall signal which really 
depend on the magnetic field are retained- 

Because of the orientation and interwxring of the Hall sensor 
elements according to the present invention it is no longer- 
necessary to take the crystal direction of the semiconductor 



Translation o£ PCT Application 



tri» i^'ik nrj» 



5 - 



material inno account, vsrhereby the influence on the measured 
Hall voltage of the piezo effacrs dependent on the crystal 
direction of the semiconductor material can effectively be 
eliminated completely . 

5 

Since the strong dependence of the offset signal both on the 
crystal direction of the semiconductor material and on the 
inhomogeneitics and irregularities in the semiconductor mate- 
rial is effectively eliminated by the Kail sensor array ac~ 

10 cording to the present invention^ a considerable increase in 
the sensitivity and measurement accuracy is achieved by means 
of this Hall sensor array. This permits the complexity of the 
circuitry needed for correct evaluation and further process- 
ing of the sensor signals to be reduced in the Hall sensor 

15 array according to the present invention. 

The improved sensitivity and measurement accuracy resulting 
from the lower offser contribution of rhe sensor signal of 
th^ Hall sensor array also results in an increase in the ex- 
20 ploitable resolution of the measured Hall voltage. 

A further advantage of th«i present invention is that the cir- 
cuit complexity of the Hall sensor array can be reduced fur- 
thi&r Since the fixed interwiring of the Hall sensor elements 

25 makes it possible to apply a common operating current to all 
the Hall sensor elements and to have a common tap-off for all 
■Che Hall signals of the Hall sensor elements. This avoids the 
need to supply a separate operating current to each sensor 
element individually and to measure separately the Hall volr- 

30 age of each sensor element. This avoids the need for addi- 
tional circuit componentiS, e.g. additional switches, current 
sources r fs'sd lines ^ etc. Furthermore, the complexity of the 
evaluation circuit can be simplified. 
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Preferred embodimenrs of rhe present: invention aire discussed 
in more ae-bail below making reference to the enclosed draw- 
ings, in which 

Fig. 1 shows a schematic representation of a Ha.ll sensor 

array with four Hall sensor elements accordingr to 
the present invention; 



10 Fig- 2a-c show schematic repres'sntations of further alter- 
native geometrical embodiments and arrangements 
of the Hall sensor elements according to the pre- 
sent invention; and 

15 Fig. 3a-b: show schematic representations of further alter- 
native geometrical arrangements of the Hall sen- 
sor elements according to the present invention. 



The general structure of a Hall sensor array with two pairs 
20 of Hall sensor elements will now be described making refer- 
ence to Fig- 1- 

On a semiconductor substrate, which is preferably p-doped, 
four rectangular active semiconductor regions are introduced, 

25 these usually being n-doped. Contact electrodes Kl, K2, K3, 
K4, Which are generally obtained by n"^-doping, are preferably 
arranged in the corners of the n-doped active region. The 
contact electrodes Kl, K2, K3 , K4 in the n-doped active re- 
gion are arranged diagonally opposite each other in pairs, 

30 two contact electrodes Kl , K3 serving to feed in the operat- 
ing current and the other two contact electrodes K2, K4 to 
tap off the Hall voltage. The active regions constitute the 
individual Hall sensor elements lA, 2A, IB, 2B . In the Hall 
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sensor array with, four Hall sensor elements shown in Fig. i 
t-he Hall sensor elements lA^ IB and the Hall sensor elemen-cs 
2A, 2B respectively constitute a Hall sensor element pair. 

Fig. 1 shows an embodiment in which the two Hall sensor ele- 
ment pairs are positioned in a square, nhe individual pairs 
of Hall sensor elements being arranged diagonally- However, 
th« two Hall sensor elemenrs at a pair in "Che Hail sensor ar- 
ray can also be positioned one below the other or next to 
each orher . 

In a preferred embodiment of the Hall sensor array according 
to the pre3(»nt invention the conracr: eleccrodes Kl , rhe con- 
tact electrodes K2, the contact electrodes K3 and the contact 
electrodes K*' of Tihe individual Hall sensor elements lA, 2A, 
IB, 2B are respectively connected in parallel and are wired 
together without intermediate switches. In the representation 
shown i-.he contact electrodes Kl and the contact electrodes K3 
of the Hall sensor elements lA, 2A, IB, 2B constitute the 
current :!:6?ed contacts while nhe contact electrodes K2 and the 
contact e3.f5ctrodes K4 of the Hall sensor elements lA, 2A, IB, 
2B provide the measurement terminals for measuring a Hall 
voltage. The contact electrodes for feeding in an operating 
current and che contact electrodes for measuring a Hall volt- 
age are so arranged in the individual Hall sensor elements 
that the current direction of the impressed operating current 
IS m aach case perpendicular to the direction of the tapped 
Hall voltage. 

In preferr^^d eirJDodiment s of the present invention the operat- 
ing currenr, directions in the two Hall sensor elements of 
each pair are oriented at 90° to each other. The current di- 
rectionss of rhe second Hall sensor element pair are offset at 
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an angj a of 45** no nhe current directions of the first Hall 
sensor element pair. 

In rhe pracrical implementation of rhe Hall sensor array ac- 
cording to the present invention the angle at which ths oper- 
ating current direcrions in the rwo Hall sensor elements of 
each pair are orienr^ed to one anorher can d^viat« from the 
ideal value of 90° and lie in a range of e.g. 80"* -co 100°, 
angles in this range being regarded as angles of essentially 
90° in the sense of the present invention. This applies also 
to the angle toy which rhe current directions of the second 
Hall sen-sor element pair are offset relative to the current 
directions of the first: Hall sensor element pair, which can 
be chosen be e.g. in the range 40* wO 50'' and thus effec- 

tively equal to 45''. It should be noted, however, that the 
offset compensation of the Hall sensor array which is 
achieved may decrease with increasing deviation from the 
ideal angles considered as optimalr namely 90° and 45"*. 

The rigidly interwixed contact electrodes Kl, K2, K3, K4 of 
the Hall sensor elements lA, 2A, IB, 2B are connected to 
switches 31, 32, S3, S4, each of which can be switched be- 
tween four positions, i-6- berween the contact electrodes Kl, 
K2, K3, K4. With the switches SI, S2, S3, the contact 

electrodes Kl, K2, K3, K4 can respectively be switched over 
together to act as power supply terminals for supplying an 
operating current lop^^rar^on or as measurement terminals for 
measuring a Hall voltage UHaii. 

A further embodiment of the Hall sensor array according to 
the present invention (not shown explicitly) can provide more 
than two pairs of Hall sensor elements. In this case, too, 
rhe operating current directions in the two Hall sensor ele- 
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menrs of each pair are oriented, substantially at 90° to each 
other- Here, too, the two Hall sensor elements of each pair 
must be geometrically the same and be close to one another 
relative to the dimensions of the Hail sensor elements and 
they can be arranged one under the other ^ next to each othez- 
or along a dliagonal in the complete sensor array. The current 
directions of the two or more Hall sensor element pa.xrs are 
respeGtively oriented at an angle of essentially 90°/n to one 
another, n being tha total number of Hall sensor element 
pairs which are used and n > 2. For example, if three Hall 
sensor element pairs are used, the current directions of the 
individual Hall sensor element pairs are offset at an angle 
of approKimately 30* to each other. The element pairs of the 
sensor array are arranged either next to each other or along 
the diagonal, tine pairs of Hall sensor elements being as 
close to one another as possible. 

In this arrangement, too, the contact electrodes for supply- 
ing an operating current loperanon (or a supply voltage) and 
also thQ contact electrodes for tapping the Hall voltage Uuaii 
are ccnnecred in parallel and rigidly wired together without 
intervening switches - 

Through the Hall sensor array with two pairs of Hall sensor 
elements, see Fig. 1, or with several pairs of Hall sensor 
elements according to the present invention the geometric 
placing of tne Hall sensor elements already results in a pre- 
compensated offset signal in each measurement phase. This 
means e.g. that a sutJsequent amplifier can be opera-ced with 
higher amplification since it cannot so easily become satu- 
rated- Through the cyclic changeover {e.g. spinning current 
operation} of the operating current directions and a suitable 
correctly signed and wsightedl summation or subtraction of the 
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signals of tne Individual measurement: phases, the pirecompen- 
aared sensor signs! offset contribution which still remains 
in rhe individual measurement phases during spinning current 
opera"Cion is reduced furrher since T:he sensor signal offset 
5 contributions due to inhomogeneit ies and storesses in the 
semiconductor material are subs-cantially eliminated^ 

The specified geometric arrangement of the sensors is advan- 
tageous here since the offset contribution of a single Hall 

10 sensor element with only four terminals is smaller than that 
of a Hall sensor elemenr with a different geometry, e.g. with 
eight contact electrodes. The resulting offset contribution 
which remains after cyclic changeover and weighting is there- 
fore also smaller. With its geometrxc arrangement for the 

15 Hall sensor array and employing the spinning current method 
the arrangement according to the present invention provides a 
Hall voltage with an extremely small offset contribution. 
This Hall voltage is also independent of the crystal direc- 
tion usQd in the Hall sensor array manufacturing process and 

20 of the orientation of the Hall sensor elements to this crys- 
tal direction. 

The Hall .sensor array is usually implemented as a monolithic 
integrated component, which can also accommoda"ce not only the 

25 Hall sensor array but also a current supply for the Hall sen- 
sor elements as well as an electronic evaluation circuit for 
the Hall volniage. Traditional silicon semiconductor technol- 
ogy employing known bipolar or M05 manufacturing processes 
generally provides the basis for manufacturing this circuit 

30 arrangement. With the arrangement according to the present 
invention the Jcnown disadvantages of silicon as & Hall sensor 
element inaterial, i,e, a low Hsill sensitivity and the big in- 
fluence of the piezo effect, which leads to the sensor signal 
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offset cont-riburion, and alsc the influence of inhomogenei- 
ties in the semiconductor material, can subsranrially be 
overccine . 

5 With the parallel connection of the respective contact elec- 
trodes Kl, K2, K3, K4 of the individual Hall sensor elements, 
which has been described above, only four ourput terminals 
are provided in the Hall sensor array -created here. With 
relatively simple circuitry it is possible to switch between 

10 these from cr;e measurement phase to the next and to connect 
them to the evaluation electronics. With this fixed wiring it 
is possible not only to achieve the advantages as regards 
offset compensation described above but also to keep the cir- 
cuitry simple, thus making possible a simpler and therefore 

15 cheaper fabricarion of these Hall sensor arrays compared with 
traditional Hall sensors. 

To clarify rhm concept according to the present invention 
some examples of other alrernative arrangements of the Hall 

20 sensor elements according to the present invention are de- 
scribed below. It should be noted that the Hall sensor ele- 
ments of a pair must be geometrically identical to each 
other r whereas, on the other hand, the Hall sensor elements 
of different pairs may have different geometries. Thus addi- 

25 tional optimization can be achieved for individual applica- 
tions or areas of application of the Hail sensor array- 
In Fig. 2a rhe Hail sensor element pairs lA, IB and 2A, 2B 
are respectively arranged next to one another and "che Hall 

30 sensor elements of both pairs have the same geometric form. 
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In Fig. 2b rhe Hsll sensor elemenr pairs lA, IB and 2B 
are respectively arranged next to one another and zihe ' Hall 
sensor elemen-'cs of both pairs have differePxt geometric forms. 

5 in Fig. 2c the Hall sensor element pairs lA, IB and 2A/ 23 
are respectively arranged diagonally and the Hall sensor ele- 
ments of both pairs have different geometric forms. 

A further advantageous possibility for the geometric arrange- 
10 menu of rhe individual Hall sensor element: pairs is to place 
the Hall sensor elements so that the midpoints of the indi- 
vidual Hall sensor elements lie on a circle. 

An example of the geometric arrangement for two pairs of Hall 
15 sensor elemenrs lA, IB and 2A. 2B is shown in Fig. 3a. Con- 
necting lines LI, L2 represent the imaginary connection be- 
tween the geometric midpoints of the two Hall sensor elements 
of a pair. The connecting lines Ll, L2 of the two pairs of 
Hall sensor elements lA^ IB and 2A, 2B intersect at a point 
20 which represents the geometric midpoint of the whole Hall 

sensor array. In this geometric arrangement the midpoints of 
the individual Hall sensor elements lA, IB and 2A, 2B lie 
symmetrically on an imaginary circle U with midpoint M- 



25 



30 



Fig. 3b shows an example of a geomemc arrangement for three 
pairs of Hall sensor elements. Connecting lines LI, L2 ^ L3 
represent the Imaginary connection between the geometric mid- 
points of the two Hall sensor elements of a pair. The con- 
necting llne^ LI, L3 of the tHzree pairs of Hall sensor 
elements lA, IB, 2A, 2B, 3A, 3B intersect at a point which 
represents the geometric midpoint of the wnole Hall sensor 
array, m this geometric arrangement the midpoints of the in- 
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dividual Hall sensor elemenns lA, IB, 2l\r 2B, 3A, 3B lie sym- 
metrically orx an imaginary circle U wiT:h midpoint M- 

All the Hall sensor arrays described above provide -che advan- 
5 -cages as regards simplified circuitry dem.ands and improved 
offset properries described herein. 
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Claims 



1. Hall sensor array comprising: 



a firsn (lA^ IB) and at: leasr one additional pair {2A, 
2B; 2A, 2B, 3A^ 3B) of Hall sensor elemenrs, 

wherein each Hall sensor element (lA, IB, 2B/ lA, 

iBp 2A, 2B, 3A, 3B) has fo\ir terminals (Kl, K2 , K3, K4 ) ^ 
Of vmicli a first and a third terminal (Kl, K3 ) act as 
power supply terminals xor supplyjing an operating cur- 
rent (^operation) and a second and a fourth terminal {K2 , 
K4) act as measurement: Tierminals for measuring a Hall 
voltage {Uhsii) ^ 



wherein the Hall sensor elements ( lA, IB, 2A^ 2B; lA^ 
IB^ 2A, 2B, 3A, 3B) are so arranged that the current di- 
rections or rhe operaring current doperarxon) in the two 
Hall .-sensor elements of each pair are offset at an angle 
of approximately 90 to one another^ 

wherein the Hall sensor elements 2B; 2A, 2B, 3A/ 

3B) of the additional pair(s) are so arranged that their 
operating current directions are offset at an angle of 
25 approximately 90 ""/n to the operating current directions 

of the first pair (lA, IB) of Hall sensor elements, n 
belr:g the total number of rZall sensor element pairs and 
n ^ 2, and 

30 wherein the first terminals (Kl), the third terminals 

(K3) , the second terminals (K2) and the fourth terminals 
(K4) of the Hall sensor elements (lA, IB, 2A, 2B; lA, 
IB, 2A, 2B, 3A, 3B) are respect i^rely connected to each 
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other eleccrically, rhus permirting the opeirating cur- 
rent: ( loperarion) to be supplied over the electrically 
interlinked first and third rerminals (Kl, K3) of all 
the Holl sensor elements and rhe Hall vclrage (Unaii) "co 
5 be meas ired over the electrically interlinked s<scond and 

fourth -terminals K4) of all rhe Hall sensor ele- 

ments (lA, IB, 2A, 2B; lA, 13, 2A, 2B, 3A, 3B) . 

Kail sensor array according to claim 1, wherein rhe 
firsr terminals (Kl), the third terminals (K3) , the sec- 
ond terminals (K2) and me fourrh rerminals (K4) of the 
Kail sensor elements ( lA, IB, 2Af 2B; lA, IB, 2A, 2B,, 
3A, 3B) are respectively connecred together electrically 
by being interwired. 

.4311 sensor array according to claim 1 or 2, wherein the 
Hall sensor elements of the first and the second pair 
respectively are arranged next to each other. 

20 4, Hall sensor array according to claim 1 or 2, wherein the 
Hall s-snsor elements of rhe first and tlie second pair 
are arranged along a diagonal - 

Hall sensor array according to one ojE^ the claims 1 "CO 4, 
wherein rhe Hall sensor elements of the first and the 
second pair ar© arranged close to one another relative 
to the dimensions of the Hall sensor elements. 

Hall sensor array accordingf to one of the claims 1 to 5, 
which also includes switches (SI, S2, S3, S4) and 
wherein the terminals (Kl, K2, K3, K4) of the Hall sen- 
sor elements (lA, IB, 2A, 2B) are connected to the 
switches (SI, S2, S3, 34), so that the power supply ter- 
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5, 

25 



30 



minsls for supplying an operacing current (loperarion) and 
the rnea.s\ii:em.ent terminals for measuring a Hall voltage 
(UHaii) can be switched through 90° from one measureraenr 
to the next - 

Hall sensor array according ro one of rhe claims 1 ro 6, 
which also includes a control unit by ineans of which t:he 
Sv-7itches (SI, 52r S3, S4 ) are controllable in such a way 
thar the Hall sensor array is operable in spinning cur- 
rent operarion. 

Hall isensor array according to one of the claims 1 to 1, 
wherein the Hall sensor elemenrs of a pair are geometri- 
cally identical. 

Hall sensor array according to one of the claims 1 to 8, 
wherein the Hall sensor elements of different, pairs are 
geometrically differenr. 
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Hall S^Asoa; Arra^y for Md^STizrxn^ a M^gneric Fxeld. 
wi.-kli Off rscb CozE^ei:iSAt;i.ozi 

Abstract: 

5 

A Hall sensor array for of f set-eompensa-ced magneric field 
measuremen c compirxses a first (lA, IB) and at: le^st on© addi- 
tional pair {2Ar 2B; 2A, 2B r 3A, 3B) of Hall sensor elements. 
Each Hall sensor element (lA, IB, 2A/ 2B; lA, IB, 2A, 2B, 3A, 

10 3B> har- four rerminals (Kl, K2^ K3, K4), of which a first and 
a third terminal (Kl, K3) act as power supply terminals for 
supplying an operating current (lopcration) and a second and a 
fourth terminal (K2, K4) act as measurement: terminals for 
measuring- a. Hall voltage (Unaii) - The Hall sensor elements 

15 (lA, IB, 2A, 2B; 1A, IB, 2A, 2B, 3A, 3B) are so arranged that 
the current directions of the operating current ( I ope rati on) in 
the two Hall sensor elements of each pair are offset at an 
angle of approximately 90" ro one anorher. The Hall sensor 
elemenrs (2A, 2B; 2A, 2B, 3A, 3B) of the additional pair(s) 

20 aro so arranged thar rheir operating current directions are 
offset o'' an angle of appro>iimately 90*/n to the operating 
current cLirections of the first pair (lA, IB) of Hall sensor 
elements, n being the rotal number of Hall sensor element 
pairs and n 2 - The first: terminals (Kl) , the third termi- 

25 nals {K3) , the second terminals (K2) and the fourth terminals 
(K4) of the Hall sensor elements (lA, IB, 2A, 2B; lA, IB, 2A, 
2B, 3A, 3B) are respectively connecred to each other electri- 
cally. The operating- current doDeranon) can thus be supplied 
over the first and tr>ird terminals (Kl/ K3) of all the Hall 

30 sensor elements and the Hall voltage (UHaii) can be measured 
over the second and fourth terminals (K2, K4) of all the Hall 
sensor elements (lA, IB, 2A, 2B; lA, IB, 2A, 2B, 3A, 3B) - 
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DECLARATION 
FOR UTILITY OR DESIGN 
PATENT APPLICATION 

(37 CFR L63) 
Declaration Submitted with Initial Filing, OR 
Declaration Submitted after Initial Filing (surcharge 
(37 CFR 1.16(e)) required) 



Attorney Docket Number 33420.00.0004 

First Named Inventor: Hans-Peter Hohe et al. 

COMPLETE IF KNOWN 
Application Number: l^^^i 

Filing Date: March 8, 2002 

Group Art Unit: 

Examiner Name: 



As a below named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on 
the invention entitled: HALL SENSOR ARRAY FOR MEASURING A MAGNET IC FIELD WITH OFFSET 
COMPENSATION ' ~ 

the specification of which: 
□ is attached hereto. 

m was filed on September 8, 2000 as PCT International Application Number PCT EP 00/08805 and was amended 
on (if applicable). 



f hereby state that I have reviewed and understand the contents of the above identified specification, including the 
claims, as amended by any amendment specifically referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defmed in 37 CFR 1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. 1 19(aHd) or 365(b) of any foreign application(s) for patent or inventor's certificate or 
365(a) of any PCT international application which designated at least one country other than the United States of America, listed below and have 
also Identified below, by checking the box, any foreign application for patent or inventor's certificate, or of any PCT international application 
havine a filtne date before that of th^ annlination nn whi^-h nHrkrir^ ;c r-A^i^^A 



Prior Foreign 
Application Number(s) 


Country 


Foreign Filing Date 
(MM/DDA^YYY) 


Priority Not 
Claimed 


Copy Attached? 
YES NO 


19943128.0 


Germany 


09/09/1999 


□ 


□ E 








□ 


□ □ 


U Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto, 
I hereby claim the benefit under 35 U.S.C. 1 19(e) of any United States provisional application(s) listed below. 


Application NumberCs) 


Filing Data (MM/DD/YYYY) 











□ Additional provisional application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto. 

I hereby claim the benefit under 35 U S C. 120 of any United States application(s). or 365(c) of any PCT international application designating the 
United States of America, listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 U S C 1! 2, 1 acknowledge the duty to disclose 
mformation which is material to patentability as defined in 37 CFR 1.56 which became available between the filing date of the prior application 
and the national or PCT international filing date of this application 



U.S. Parent Application or PCT 
Parent Number 


Parent Filing Date 
(MM/DD/YYYY) 


Parent Patent Number 
(if applicable) 
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As a named inventor, I hereby appoint the following registered practitioner(s) to prosecute this application and to 
transaction all business in the Patent and Trademark Office connected therewith: 



Name 


Registration Number 


Name 


Registration Number 


Christopher J, Reckamp 




Angelo J. Bufalino 


29.622_ 


Joseph P. Krause 




Michael Turgeon 


19.404 . 


Christopher Moreno 




Timothy J. Bechen 


4« 126 



□ Additional registered practitioner(s) named on supplemental Registered Practitioner Information sheet PTO/SB/02C attached hereto \ 



Direct all correspondence to: 



Vedder, Price, Kaufman & Kammholz 
222 N. LaSalle Street, Suite 2600 

' Chicago, IllinoTs 606 01 

Telephone: 312-609-7500 
Facsimile: 312-609-5005 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 
^nd that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 

Name of Sole or First Inventor: □ A petition has been filed for this unsigned inventor 



Given Name (first and middle [if any]) 


Family Name or Surname 


UANS-PFTFR 




Inventor*s 
Signature 




Date 


April 24, 2002 


Residence 


City: Heiligenstadt 1 State. T^C^^ X 


Country- Germany 


1 Citizenship: German 


Post Office Address 1 BURGGRUB 28 


City: HEILIGENSTADT State- Germany 


ZIP.D-91332 


1 Country Germany 


Name of Additional Joint Inventor: 


□ A petition has been filed for this unsigned inventor 


Given Name (first and middle [if any]) 


Family Name or Surname 


NORBERT . 


WEBER 


Inventor's 
Signature 




Date 


April 24, 2002 


Residence 


City Weissenohe 1 State. J^JK 


Country: GERMANY 


1 Citizenship. GERMANY 


Post Office Address | 


City: Weissenohe State: 


ZIP D-9 1367 


I Country GERMANY 




Name of Additional Joint Invei 




□ A petition has been Filed for this unsigned inventor 



Given Name (first and migdle [if any]) 



Family Name or Surname 




JOSEF 



SAIJRRRR 



Inventor's 
Signature 



Date 



April 24, 2002 



Residence 



Country: GERMANY 



Citizenship: GERMANY 



Post Office Address 



City: 

HERZOGENAURACH 



ZIP: D-9 1074 



Country: GERMANY 



Name of Additional Joint Inventor 



□ A petition has been filed for this unsigned inventor 



Given Name (first and middle [if any]) 


Family Name or Surname 






Inventor^s 




Date 




Signature 








Residence 


City. State 


Country: 


1 Citizenship 


Post Office Address 


City: 


1 State: 


1 ZIP. 


1 Country. 



□ Additional inventors arc being named on the supplemental Additional Invcntor(s) shcet(s) PTO/SB/02A attached hereto. 
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